Performance of a Coil-pipe Heat Exchanger Filled with Mannitol for Solar Water Heating System  by Ling, Ziye et al.
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Applied Energy Innovation Institute
doi: 10.1016/j.egypro.2015.08.001 
 Energy Procedia  75 ( 2015 )  827 – 833 
ScienceDirect
The 7th International Conference on Applied Energy – ICAE2015 
Performance of a coil-pipe heat exchanger filled with 
mannitol for solar water heating system 
Ziye Linga, Guohao Zenga, Tao Xua, Xiaoming Fanga, Zhengguo Zhanga* 
aKey Laboratory of Enhanced Heat Transfer and Energy Conservation, the Ministry of Education, School of Chemistry and 
Chemical Engineering, South China University of Technology, Guangzhou, 510640, China 
Abstract 
Solar water heating systems that incorporate latent heat storage unit deals with instabilities of insolation. But most 
previous studies focus on phase change materials (PCMs) with phase change temperature (Tm) below 80 oC. In this 
study, we investigate the performance of mannitol (Tm: 166.7, enthalpy of phase change γ: 323 kJ kg -1) in storing 
solar thermal energy and producing hot water. Results show mannitol can store high-level energy and the thermal 
energy storage performance are affected by the inlet flow rate and temperature of heat transfer fluid. 14kg mannitol 
with latent heat activated can heat 100L water from 30 up to 50 oC in 6 hours 
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1. Introduction 
Solar water heating systems use free heat from the sun to heat water. But the intermittent solar 
radiation is an unreliable source of energy. Thermal energy storage (TES) system - that stores heat during 
high solar intensity and releases the heat energy when needed - solves the mismatch between the supply 
and demand of energy.  
Latent heat storage system utilizes the phase change enthalpy (γ) of phase change materials (PCMs). 
It stands out among TES systems because its wide operating temperature range, more efficient use of 
solar energy, large storage capacity, and long-term stability. 
Previous studies on PCMs focused on materials with low phase change temperatures (Tm) below 80 
 [1-4], which could not heat water quickly. Recent studies have found PCMs like erythritol, D-
mannitol, hydroquinone, or other sugar alcohols possess large γ over 200 kJ/kg and high Tm (100~200 
) - they have huge capacity store the energy at high level [5-9].  We believe in applying PCMs with Tm 
over 100  will turn on faster access to hot water.  
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In this study, we evaluate the performance of a solar water heating system- incorporating with a coil 
pipe heat exchanger that contains mannitol (Tm: 167 ć,¤: 323kJ/kg)-in providing 100 L hot water up 
to 55ć
2. Experiment
Table I Thermo-physical properties of mannitol
Density/kg m-3
Liquid 1340
Solid 1512
Thermal conductivity/W m-1K-1 0.6
Tm /oC 166.7
Ȗ/kJ kg-1 323
Specific heat/J kg-1 oC-1 1500
Figure 1 (a) shows how this solar water heating system works. The system is mainly divided into 
three parts: an oil bath, a water tank and a thermal energy storage system. In charging, thermal oil is 
pumped through one of two coil pipes and heat is transferred to PCM. Oil is heated in the oil bath to 
ensure a constant inlet temperature. Charging continued until temperature inside the PCM container 
reached the equilibrium. Then turn off the high temperature pump for oil and turn on low temperature 
pump for water. Water is circulated to acquire heat from PCMs until its temperature reached 55 oC. A 
buffer tank is placed between the TES unit and water tank to prevent backflow. 
Charging performances at different inlet temperature of thermal oil are compared. Detailed 
parameters for each case are listed in Table II. The inlet temperature and flow rate of water are fixed to 30 
oC and 60 L/h. 
Fig.1 Schematic diagram of experimental system
1 water tank  2 thermal energy storage unit  3 oil bath  4 buffer tank  5 Agilent data acquisition unit  
6 circulating pump for oil 7 circulating pump for water  8 flowmeter for water  9 flowmeter for oil  10 
valve  11 thermo-couples   12 coiled pipes
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Table II Operating parameters of different cases
Case
Flow rate of thermal 
oil
Inlet temperature 
of thermal oil
L/h °C
  
  
  
  
  
Fig.2 Physical structure of thermal energy storage unit
Figure 2 demonstrates the internal structure of TES unit. A ĳîPPF\OLQGHUVWDLQOHVVFRQWDLQHU
is filled with 14kg mannitol. TZRĳîPPWXEHVVZLUOHGLQ a diameter of 140mm, with a pitch 
50mm. Thermal oil flows in the red tube and water flows in the blue one.
Twelve K-type thermo-couples (measurement error: ±0.5oC) were used to monitor the temperature 
evolution in the thermal energy storage tank. Fig.3 illustrates positions of thermo-couples. Thermo-
couples positioned at top, bottom surface and mid-plane (Fig. 3 b); In each horizontal section, four 
thermo-couples located at O, A, B, C in Fig.3 a ; Another three thermo-couples were used to monitor the 
temperature of water (15#) in the buffer tank, and the temperature of hot fluid at the inlet (13#) and outlet 
(14#).
Fig.3 Schematic of positions of thermo-couples
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3. Results and Discussions
Fig. 4 Temperature history at different positions at mid-plane in Case 2(inlet temperature of thermal 
oil: 210 oC and its flow rate: 360 L/h)
Figure 4 describes the temperature evolution with time at mid-plane in Case 2. During charging, the
constant heat flux from thermal oil melted mannitol in 5 hours. During discharging, the melted mannitol 
heated 100L water from 30 oC to 55 oC within 6 hours. Compared with the work done by [5], where 8kg 
water was heated by 45 kg erythritol (Tm: 118 oC, Ȗ:339 kJ kg-1) in 5 hours, the heating efficiency is 
much better.
In the charging process, temperature fluctuated around the Tm. Flow of melted mannitol may explain: 
mannitol melted from the area near the coil pipe; the melted mannitol flowed around due to density 
difference between solid and liquid; if the liquid at high temperature flowed away and the solid at low 
temperature took the place, temperature fluctuated. But the flow was suppressed as mannitol solidified 
radially from inside out; temperature dropped smoothly in discharging. We observed a typical platform 
around 150 oC – 17 oC below the Tm, showing mannitol subcooled.
0 100 200 300 400 500 600 700 800
20
40
60
80
100
120
140
160
180
200
220
330L/h
360L/h
390L/h
Te
m
pe
ra
tu
re
 (
䉝 㻕
Time (min)
Figure 5 Temperature elevation rates at 11# under different inlet flow rates of thermal oil (Inlet 
temperature: 210oC)
Figure 5 shows the effect of flow rate of thermal oil on charging. Increasing flow rates of thermal oil 
decreased the time to reach equilibrium state very little, but increased the temperature at equilibrium state. 
Faster speed reduced the heat transfer resistance between thermal oil and mannitol.
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Fig. 6 Temperature elevation rates at 11# under different inlet temperature of thermal oil (Flow rate: 
330L/h)
Fig.7 Time to heat water up to 55 oC with different inlet temperature of thermal oil (flow rate: 
330L/h)
Temperature of mannitol rises faster if we increase the temperature of thermal oil (Fig. 6). Bigger 
temperature difference offered higher driving forces and accelerates heat transfer. Higher inlet 
temperature of thermal oil also intensified the natural convection - temperature fluctuated more 
significantly around Tm as the inlet temperature rose from 200 to 220 oC – which may also accelerate the 
endothermic process. 
The temperature at equilibrium state in charging also has an effect on the efficiency of heating water. 
Figure 7 shows the time to heat water from 30 oC up to 55 oC decreased as the inlet temperature of 
thermal oil increased. But the time decreased by very small amount due to the decisive factors: total latent 
heat and Tm, were kept constant.
Therefore, input/output power of thermal energy storage tanks increase with temperature difference 
between heat transfer fluid and PCMs. Using higher efficient solar collector may improve efficiency of 
this kind of thermal energy storage tank.
4. Conclusion
1. 14 kg mannitol that have been fully melted can heat 100L water from 30 oC up to 50 oC in 6 
hours, much more efficient than PCMs with lower Tm.
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2. Subcooling can be observed during releasing latent heat.
3. Both the inlet temperature and flow rate of thermal oil have effects on accelerating storage 
process, but the effect were limited.
4. This study has confirmed the availability of mannitol on solar heater with thermal energy 
storage system. The data on thermo-physical properties of mannitol and further analysis on 
heat transfer rate of this coil pipe heat exchanger will help the design of thermal energy 
storage system.
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